Increased awareness among professionals and the lay public about potential short-and long-term consequences associated with mild brain injuries (BIs) has prompted consider-able interest in the topic of identification and recovery patterns. One issue that arises repeatedly relates to distinguishing injuries resulting in chronic symptoms from those to which people appear to have relatively rapid and uncomplicated recoveries. Specifying and identifying the enduring cognitive, physiological, and socio-emotional consequences Keywords ► mild brain injury ► concussion ► recovery ► sequelae ► post-secondary education ► general health
that contribute to prolonged functional impairment following mild BI is key to developing effective treatment practices.
Multiple definitions of mild BI have appeared in extant literature. For the purpose of the present investigation, our interest was in acquired BIs (i.e., injuries to the brain that occur after birth and are "not hereditary, congenital, degenerative, or induced by birth trauma") 1 that met the severity criteria for clinical identification as mild (i.e., injuries resulting in "confusion or disorientation, loss of consciousness for 30 minutes or less, post-traumatic amnesia for less than 24 hours, and/or other transient neurological abnormalities such as focal signs, seizure, and intracranial lesion not requiring surgery" 2 [p. 115]).
Most people sustaining mild BIs recover within a period of a few days or weeks; however, a subset experiences challenges that endure for months or years and interfere with the resumption of pre-injury activities. [2] [3] [4] [5] [6] [7] [8] [9] [10] Researchers have differed in their findings regarding the size of this subset, with some suggesting that as small as 2% experience chronic challenges, 3 and others suggesting that as large as 45% show this type of recovery pattern. 11 Regardless, the result is that a group of individuals experience long-lasting cognitive, physiological, and/or socio-emotional challenges affecting educational, social, and vocational endeavors following mild BI and who may benefit from receiving accommodations and professional services. 12 The occurrence of incidents potentially causing mild BI is common in the general population. According to epidemiology reports, 1.4 million United States citizens receive emergency room or some other form of medical treatment for mild BIs each year. 13 Given that these figures include only those individuals who seek medical care, the actual occurrence of mild BI is likely even higher. In fact, questioning parents in a Midwestern state revealed that 42.11% of their offspring had sustained one or more substantial blows to the head-some of which were medically documented and some of which were not-before completing high school. 14 In another study in which parents of elementary school-aged children responded to a short questionnaire, 33 .82% reported that their children had experienced possible BI events. 15 These statistics confirm that experiencing possible mild BI events before reaching adulthood is relatively commonplace. What remains unclear is the chronic symptomatology and long-term outcome associated with sustaining such injuries.
The uniqueness of every mild BI in terms of mechanism, location, and extent of neurological damage contributes to the wide spectrum of characteristics and challenges displayed by survivors. In general, complaints comprise three main categories: cognitive issues, physiological or somatic issues, and socio-emotional or affective issues. Cognitive complaints include, but are not limited to, deficits in memory, concentration, attention, and organization that affect the speed and quality of information processing and new learning; physiological complaints include headaches, fatigue or decreased energy, blurred vision, sleep disturbances, dizziness or balance problems, sensitivity to light or sound, and tinnitus; and socioemotional complaints include depression, anxiety, panic attacks, and irritability or anger that contribute to social dysfunction. 6, 16, 17 When one or more of these symptoms persist for an extended period post-injury, an individual may struggle to perform daily activities at a level commensurate with premorbid abilities.
Predicting individuals likely to experience long-term consequences following mild BI has proven difficult. 4 Given that some researchers have found that females are more susceptible than males to sustaining sports-related concussions, 18 gender has emerged as a possible demographic factor affecting outcome. 7 However, conflicting data exist regarding the outcome patterns in that some researchers report no difference between males and females in recovery, 10,19,20 while other researchers have found that males have a recovery advantage over females. 18, [21] [22] [23] [24] [25] Further complicating the use of gender as an outcome predictor is the fact that females tend to be more forthright than males about reporting injuries and seeking medical advice about health complaints in general. 26 This reporting bias may be prominent regarding mild BIs given the heavy reliance placed on the self-report of incidents and symptoms. The result is that using gender as a long-term prognostic indicator has multiple inherent challenges.
Another demographic factor that may relate to long-term outcome is age at the time of injury. Following severe BI in adults, increasing age corresponds with more unfavorable outcome; 27,28 among children, a different scenario exists in that those sustaining severe injuries in preschool years tend to fair worse than their older counterparts. 29, 30 An alternate pattern may appear between children and adolescents versus adults following mild BIs because biomechanical, pathophysiological, and neurobehavioral differences make youngsters more susceptible to diffuse neurological damage. 31 Hence, children and adolescents sustaining mild BIs may experience more extended periods of symptom development and persistence contributing to cognitive, physiological, and psychosocial problems than those experienced by adults. 32, 33 Different recovery patterns from mild BI have yet to be documented between children and adolescents of various ages, 29 but this remains an area in which additional research is needed. 30 Researchers have also examined factors such as the severity of initial injury and the appearance of specific symptoms during acute recovery for their prognostic value regarding long-term outcome. Neither has provided a means of predicting who is likely to struggle with enduring impairments following mild BI, 6,7 although people with multiple complaints during early months post-injury coupled with relatively long periods of post-traumatic amnesia tend to experience worse long-term outcomes than those with few initial complaints and short periods of post-traumatic amnesia do. 10 However, further complicating the scenario is the tendency for medical professionals to minimize the potential for negative outcomes following mild injuries in an effort to alleviate undue concern-a practice that weakens the likelihood of people linking past events with persistent symptoms. 6, 34, 35 Given the difficulty of predicting long-term outcome and the inappropriateness of assuming that all people with mild BIs will experience lasting problems, the intent of this study was to explore among young adults in a post-secondary educational setting a means of identifying those with substantive versus negligible persistent symptomatology. Specifically, our purpose was two-fold: (a) to use latent class analysis (LCA) (e.g., diagnostic model) to identify a subset of college students who present a pattern of chronic symptomatology consistent with a diagnosis of mild BI and (b) to use pseudo-class mean equality tests to examine relations between latent classes (i.e., subsets of students who present different patterns of symptomatology following mild BI) and other variables such as BI event characteristics (e.g., loss of consciousness) and academic outcomes. We obtained written approval from the local institutional review board ensuring implementation of adequate protections of human subjects.
Method Participants
The 118 study participants were a subset of 423 predominantly female young adults (female:male ¼ 5.82:1) who completed surveys contributing to a database about BI in undergraduate college students. All participants provided consent for participation before responding to any survey items. The 118 college students self-reported histories of documented or undocumented mild BIs. The sample was relatively homogenous regarding demographics-that is, participants were primarily Caucasian (94.92%) female (77.97%) students who were fairly evenly distributed across freshman (16.95%), sophomore (30.51%), junior (26.27%), and senior (26.27%) years in college. Six students reported receiving academic accommodations (e.g., priority registration, extended test time, etc.) at the time of the study.
The 118 participants reported a total of 234 possible BI events (range: 1-8, median ¼ 1.98, and standard deviation [SD] ¼ 1.40). Sport-related injuries accounted for 49.15% of the reported events, with traffic accidents and falls being the cause of most of the remaining incidents (i.e., 24.36% and 12.82%, respectively). Explosions, assaults, abuse, seizures, and other medical events collectively accounted for the remaining 13.67% of possible BI events. Thirty-one (26.27%) respondents experienced a loss of consciousness, with seven of those individuals losing consciousness in association with more than one BI event. All but two respondents claimed to have lost consciousness for <5 minutes. Both people with longer unconsciousness reported it lasting between 10 and 30 minutes.
Materials and Procedures
Respondents completed a web-based survey developed and distributed via Qualtrics © . We developed the survey using conditional logic such that the number and type of questions answered was contingent on previous responses. All participants responded to a minimum of 32 questions; the maximum number of potential questions posed was 1,192. On average, respondents completed the survey in 12 minutes and 7 seconds (mean [M] ¼ 726.53 seconds, SD ¼ 422.92).
Survey items related to four topics: daily habits and routines, academic performance, general health, and self-reported potential BI events. Thirty-seven questions were about daily habits (i.e., sleep, nutrition, drug/alcohol use, and exercise routines); academic performance (i.e., grade point average and number of repeated or failed courses over a respondent's academic career); and current health (i.e., 24 cognitive, physiological, and socio-emotional health complaints). We included the 24 symptoms listed in ►Table 1 on the survey instrument to query about general health because of previous research establishing these complaints as ones people who have sustained BIs frequently endorse 6, 16, 17, [35] [36] [37] [38] and because many of the complaints are also endorsed by people who have general health issues not relating to BI.
All remaining survey items used conditional logic to query respondents about potential BI events experienced across their lifespans. We selected BI event categories because of the frequency with which they reportedly cause brain damage according to the Centers for Disease Control and Prevention. 39 BI categories included being in or near explosions; experiencing whiplash injuries or a blows to the head in traffic accidents, falls, sporting events, assaults, or abuse; seizures, brain infections, strokes, or other medical conditions; and/or loss of consciousness because of near drowning, suffocation, or exposure to toxins. We chose not to use the terms brain injury and concussion within questions to prevent biasing participant responses. Within each category, respondents could report up to four separate events. If respondents had more than four events to report in a given category, we instructed them to describe their most severe remaining incident as the fourth event. When reporting a potential BI event, respondents provided their age at the time of injury, a short description, symptoms experienced, and the duration of experienced symptoms.
Variables
Twenty-four BI sequelae grouped into cognitive, physiological, or socio-emotional categories (►Table 1) served to identify symptomatology profiles in an LCA. Each symptom was coded as a dichotomy; hence, the symptom was reported either as present or absent. Three academic outcomes-grade point average, number of failed classes, and number of repeated classes-also served as dependent variables as well as the number of possible BI events a person had experienced and whether a concomitant loss of consciousness occurred.
Data Analysis
We used Mplus v7.11 to fit a mixture model (i.e., LCA) 40 to the symptomatology data (e.g., headaches, attention problems, and slow thinking). LCA provides a means for identifying latent (i.e., unobserved) groups-called classes-by finding different patterns or profiles of symptoms among participants. LCA models are becoming more widely used in behavioral science and medicine to explore unobserved heterogeneity within a population and as a statistical method for identifying typologies of individuals or cases. 41, 42 
Class Enumeration
Two-class and three-class models were fit to the symptom data. A two-class model assumes two underlying groups in the population: (1) individuals who recover quickly from a BI event and show little to no symptomatology and (2) individuals who experience persistent symptomatology associated with BI. The three-class model assumes three underlying groups in the population: (1) individuals who recover from the BI with negligible symptomatology; (2) individuals who develop moderate symptomatology across the cognitive, physiological, and socio-emotional categories (e.g., concentration problems, headaches, balance, problems sleeping, and anger control); and (3) individuals who develop high symptomatology across the three symptom categories with particularly clear differentiation in the cognitive domain (e. g., slow thinking, troubling learning new information, and difficulty solving problems). We did not test alternative models with more classes because of the theoretical and practical justification for the three-class model.
Model Fit
Goodness-of-fit to the model and classification accuracy (i.e., entropy) provided a means of assessing the tenability and usefulness of the three-class model. We used the chi-square likelihood ratio test (LRT) and the bootstrapped likelihood ratio test (BLRT) 43 to assess model fit. Non-significant chisquare statistics indicate close fit and, thus, the tenability of assuming individuals who sustain BIs comprises three groups. The BLRT compares model fit improvement as classes are added to the model (e.g., a three-class model compared with a two-class model). A significant BLRT test indicates that the model with k classes represents a statistically significant improvement over a model with k -1 classes.
Classification Accuracy
The focus of person-centered analyses, such as LCA, is on determining group membership for each individual in the sample based on a set of observed indicators. Because we are predicting rather than observing group membership, we can express the uncertainty of the prediction as classification accuracy as measured by the entropy statistic. 44 Entropy values range from 0.00 (completely inaccurate) to 1.00 (completely accurate), with high entropy values (>0.80) 45 indicating greater confidence in group classification. Models with high entropy are preferable, but entropy does not reveal how well the model represents the data.
Mean Equality Tests
We specified the model using the AUXILIARY feature in Mplus to allow for testing mean differences in manifest variables, such as academic outcomes across latent classes. This approach uses so-called pseudo-class draws 45, 46 to account for the uncertainty of class membership by incorporating the posterior probabilities of being in each latent class. The mean equality tests result in a chi-square statistic with one degree of freedom. We computed Cohen's d effect size estimates for significant null hypothesis tests.
Results

Latent Class Analysis
Two-Class Model
The two-class latent model fit the data well as indicated by the non-significant chi-square LRT (χ 2 (8388519) ¼ 219.33, p ¼ 1.00) a . The non-significant chi-square value suggests that variation in symptomatology following BI can be sufficiently explained by the presence of two latent groups. This model predicted that 22 (18.64%) of the 118 respondents with histories of possible BI were in the persistent symptomatology class, while the other 96 were in the negligible symptomatology class. The BLRT (14) ¼ 312.83, p < 0.001, also suggested that the sample was not homogenous in symptomatology and that a two-class solution better captures the variation in symptomatology than a one-class solution does (i.e., assuming a homogeneous population). Entropy for this model was 0.93 indicating excellent classification accuracy.
Three-class Model
The three-class latent model also fit the data well as indicated by the non-significant chi-square LRT (χ 2 (16777095) ¼ 177.27, p ¼ 1.00) a . The non-significant chi-square value suggests that variation in symptomatology following BI events can be a The log-likelihood value was replicated on every one of the 100 final stage optimizations. sufficiently explained by the presence of three latent groups of individuals-a high symptomatology class, a moderate symptomatology class, and a negligible symptomatology class. The significant BLRT (24) ¼115.81, p < 0.001, indicated that the three-class solution better captures the variation in symptomatology than the two-class solution does.
This model predicted that 13 (11.01%) participants were in the high symptomatology class, 58 (49.15%) participants were in the moderate symptomatology class, and the remaining 47 (39.83%) participants comprised the negligible symptomatology class. ►Fig. 1 shows the symptomatology profiles for each latent class in terms of the conditional probability of experiencing each symptom. Symptoms differentiate latent classes when one class demonstrates probabilities >0.70, while the other classes demonstrate probabilities <0. 30. 41,47 Respondents in the high symptomatology class were highly likely (probability [Pr] > 0.70) to experience headaches, problems with memory, excessive fatigue, slow thinking, difficulty learning new information, problems with attention, problems with concentration, and problems sleeping. In contrast, respondents in the moderate class were moderately likely (Pr > 0.30) to experience headaches, excessive fatigue, problems with concentration, and problems sleeping. Taking these sets of probabilities into consideration, the subset of symptoms that best separates the high and moderate classes was problems with memory (relative risk (RR) ¼ 6.53), slow thinking (RR ¼ 8.05), difficulty learning new information (RR ¼ 9.38), and problems with attention (RR ¼ 5.32). The RR ratio indicates the increased likelihood that a person in the high symptomatology class experienced the symptom compared with a person in the moderate symptomatology class did. For example, there was a 553% increase in the likelihood of a respondent in the high symptomatology class experiencing problems with memory than a respondent in the moderate symptomatology class.
Entropy for the three-class model was 0.92, thus indicating near perfect classification into the three groups. 45 In other words, the statistical model clearly differentiated between three patterns of symptomatology following selfreported BI events. Only a handful of respondents (8%) exhibited patterns of symptomatology inconsistent with one of the three groups (i.e., misclassification).
Latent Class Relation to Other Variables
We used mean equality tests to assess the associations between latent class membership and other variables for the three-class model. Specially, we looked for differences relating to the number of possible BI events reported, loss of consciousness, grade point average (GPA), number of failed courses, and the number of repeated courses. Regarding BI event characteristics, we hypothesized that individuals in the high symptomatology class would report having experienced a greater number of possible BI events than respondents in the other two latent classes but that no difference would emerge in the loss of consciousness. Regarding academic outcomes, we hypothesized that individuals in the high symptomatology class would demonstrate lower GPAs and higher rates of failed and repeated courses than respondents in the other two latent classes.
The analysis indicated that the number of self-reported BI events did not differ significantly across the three latent classes, but that respondents in the high symptomatology class were less likely to experience a loss of consciousness compared with those in the moderate symptomatology class, χ 2
(1) ¼ 6.02, p < 0.05. People in the high symptomatology class had statistically lower GPA (M ¼ 3.15, SD ¼ 0.41) compared with those in the moderate symptomatology class (M ¼ 3.46, SD ¼ 0.40), χ 2 (1) ¼ 6.11, p < 0.05, d ¼ -0.78, and marginally lower GPA compared with those in the negligible symptomatology class (M ¼ 3.41, SD ¼ 0.52), χ 2 (1) ¼ 3.58, p ¼ 0.059, d ¼ -0.55. Respondents in the high symptomatology class also failed more courses compared with those both in the moderate (χ 2 (1) ¼ 4.31, p < 0.05, d ¼ 0.99) and negligible classes (χ 2 (1) ¼ 3.94, p < 0.05, d ¼ 0.86). Individuals in the high symptomatology class repeated more courses than those reported by the respondents in the moderate class and negligible class, but the differences were not statistically significant at the 0.05 α-level. No statistically significant differences emerged between respondents in the moderate symptomatology class and those in the negligible symptomatology class for any of the three academic dependent variables.
Discussion
The primary purpose of this study was to determine whether latent classes exist with regard to the cognitive, physiological, and socio-emotional symptomatology experienced as chronic health complaints by young adults who self-identify as having sustained one or more mild BIs in their lifetime. The obtained three-class model predicts that 11% of people with self-reported mild BIs will experience high symptomatology as chronic health issues, 49% will experience moderate chronic symptomatology, and 40% will experience negligible chronic symptomatology. Furthermore, many of the symptoms distinguishing the high symptomatology class from the other two classes are cognitive in nature. Specifically, people in the high symptomatology class have a high probability of reporting and are more than five times more likely to complain of problems with memory, speed of processing, learning new information, and paying attention than people in the moderate or negligible symptomatology classes. Although endorsed with only moderate frequency by people with high symptomatology, problems with organization, multitasking, focusing the eyes, balancing, and having flashbacks are also more than five times more likely than these in the moderate or negligible symptomatology classes. The magnitude of probability differences in the occurrence of these symptoms validates the notion that people who endorse them comprise a distinct group from those who do not. Of note, however, is the finding that socio-emotional symptomatology, in general, did not emerge as a differentiating factor and was not endorsed by a high percentage of respondents in any of the latent classes. This is somewhat surprising given that depression, anxiety, and problems with coping are reportedly frequent complaints following mild BI. 12, 37, 38 Another purpose of this study was to assess associations between latent class membership and various BI event characteristics. One of the BI event characteristics evaluated was loss of consciousness during a BI event. Given extant research suggesting loss of consciousness does not serve as a good predictor of mild BI outcome, 48, 49 we did not expect this variable to emerge as a distinguishing feature among any of the latent classes. Performance of the analysis revealed that our hypothesis was inaccurate; however, it was so in an unexpected way. Specifically, our finding was that those respondents classified with high symptomatology were significantly less likely to have lost consciousness than those with moderate symptomatology and did not differ in loss of consciousness likelihood from the negligible symptomatology group. Hence, although different from our original hypothesis, the finding supports the idea that loss of consciousness following mild BI is not predictive of chronic symptoms.
A second characteristic evaluated with regard to latent class distinctions was the total number of self-reported BI events a person sustained. We expected multiple BI events would increase the likelihood of a person experiencing chronic cognitive, physiological, or socio-emotional complaints, because recent literature has linked chronic traumatic encephalopathy (CTE) with repeated concussions and mild BIs sustained across the lifespan. 12 However, the expected association between number of BI events and latent class membership did not appear from the data analysis. Instead, respondents with single mild BI events were equally likely as those reporting multiple events to have chronic complaints that led to their membership in the high symptomatology class. This finding may reflect the fact that our participants, as a whole, did not report the large numbers of BI events-such as are sustained by athletes, people with occupations that repeatedly expose them to explosions or subconcussive impacts, or people with histories of seizures or head-banging episodes-typically associated with CTE. 50, 51 Also, given that our participant sample was comprised of students currently pursuing undergraduate college degrees, sufficient time was unlikely to have yet elapsed for CTE symptoms to appear. Still, the finding of no association between the number of possible BI events and latent class membership is important, because it confirms that substantial chronic effects can follow a single concussion/mild BI, and chronic symptomatology following single events may be comparable to that experienced by people sustaining repeated injuries.
A final purpose of this study was to assess associations between latent class membership and academic outcomes. Regarding GPA and number of failed classes, the obtained results were consistent with our initial hypotheses that those in the high symptomatology class would experience greater challenges academically than those experienced by their peers in the moderate and negligible symptomatology classes. These findings are also consistent with those of other researchers who have examined the academic performance of college students with histories of BIs. 16, 17, 52 In particular, the cognitive challenges experienced by individuals with BIs appear to have a negative effect on the mastery of academic material, thus necessitating greater studying time, effort, and application of supplemental learning strategies than these needed by students without BIs. Despite these struggles, however, students with BI histories seldom seek support services available with post-secondary institutions. 16, 17 More extensive investigation of academic performance and struggles than is possible from examining overall GPA or the number of failed classes may validate the obtained findings and may identify factors likely to support the academic pursuits of young adults with BIs.
Clinical Implications
The near perfect classification of study participants into three latent classes regarding BI symptomatology suggests that using a questionnaire, such as the one developed for this research, and applying the established class distinction criteria may serve as a means of identifying young adults with persistent challenges secondary to mild BI. This is important because the findings suggest that 11% of college students experience high symptomatology on a persistent basis. Identifying individuals with high symptomatology and providing them with appropriate treatments, supports, and accommodations is important for promoting their success in future academic, social, and vocational endeavors, especially given that many of the reported symptoms are cognitive in nature. Furthermore, because treatments appropriate for individuals with symptomatology resulting from BI may differ from those appropriate for people with similar complaints, but stemming from other etiologies, 53 correct identification of the underlying source of an individual's chronic complaints is critical.
Many professionals, as well as members of the lay public, have long assumed that the effects of mild BI are transient; however, evidence is mounting that individuals may experience long-term post-concussive symptoms for months, years, or even decades following injury. 3-10 Identifying long-term effects of injury and those individuals who are experiencing chronic symptoms is likely to enhance treatment relating to academic, social, and vocational outcomes. This is of particular importance when injuries occur to children, adolescents, or young adults whose brains are still undergoing developmental changes and who may be most susceptible to negative consequences associated with diffuse neurological damage. [31] [32] [33] Limitations Several limitations regarding the sample population used to perform the LCA are worthy of note. First, the sample population was limited to individuals pursuing undergraduate degrees. Although targeting this population was our intent, the consequent age restriction regarding data collection may limit generalization of the findings. Second, the sample was disproportionately female and may, consequently, not adequately reflect the symptomatology experienced by males who have experienced incidents of mild BI. Third, the sample size was relatively small for performing an LCA, and the model included only dichotomous indicators of symptomatology. Replication and extension of the research with larger samples and using other indicators, such as symptom severity and symptom duration, may prove advantageous.
Conclusions
The findings of this study suggest that within the subset of college students who report having experienced one or more possible BI events across their lifespans, specific problems are paramount in distinguishing those displaying chronic high symptomatology from their peers with moderate and negligible symptomatology. The most salient of these symptoms relate to cognitive processes and include memory challenges, slowed speed of processing, difficulty learning new information, and problems paying attention. The observed magnitude of probability differences across the identified latent classes validates the notion that people endorsing these symptoms as chronic health challenges comprise a distinct group from others who have also experienced possible mild BIs. Furthermore, the fact that high symptomatology class individuals differed academically from their counterparts displaying fewer chronic symptoms suggests a functional consequence of mild BI for this subset of college students. Taken as a whole, these results suggest that about 1in 10 undergraduate students who self-report a history of one or more possible BI events experiences chronic symptomatology affecting physiological, socio-emotional, and cognitive status. Because these individuals may benefit from physical health-, mental health-, and/or academicrelated services, identifying them prior to or during their attendance at college may be advantageous.
